The man-machine systems design is a major concern for the computer scientist, the control engineer and the ergonomicist. An adequate design for such systems means optimisation of their performance, which is the result of taking into account the human element since the design stage. Human integration, in the design stage, can strengthen the stability and optimality of all system functions. This paper deals with the problem of man-machine systems design by proposing a general approach based on system analysis methodology, action identification and action specification. All those aspects will be treated in this paper. Copyright©2002IFAC
INTRODUCTION
Generally, in the activity's space of all semiautomatic systems three areas of activity can be identified: completely automated activities (realised by machine), completely manual activities (performed by man) and activities which can be performed by man (or machine) with the machine's assistance (man's assistance). The last zone is called "the zone of man-machine activities". Figure 1 shows a graphic representation of these three zones. From this figure, it can be seen that the zone of man-machine activities is situated around a virtual line which divides activity's space into automatic and manual zones. The identification of this zone constitutes the principal idea of man-machine system design.
Before explaining the methodology of identification, it is necessary to define four terms used throughout the paper :
• Action: represents the effort made to reach a transitory target. One action can be only performed by man or machine.
• Activity: represents a set of actions which lead to the achievement of a sub-objective.
• Task: represents a set of activities which lead to the achievement of an objective.
• Mission: is a set of tasks leading to the achievement of a global objective. (Millot, 1996) proposed a design methodology for a man-machine system. This methodology is based on two approaches:
SOCIO-TECHNICAL DESIGN: GLOBAL APPROACH
• Descendant approach: this approach considers the technical characteristics and the objective of the system to achieve a prototype of a manmachine system. • Ascendant approach: this approach aims to give a better definition of tasks which can be attributed to humans. This definition is based on human criteria on the one hand, and on system performance on the other.
Global approach
As is shown in figure 2 , the global man-machine system design approach consists of:
• Analysis of control and controlled system: this consists of identifying all actions which have to be performed to reach the system goal. The analysis is accomplished on two functional modes: normal and abnormal. Obviously, this stage become more difficult if we design a new system (based only on specification and technical documentation).
• Actions Analysis: this consists of identifying the actions performed by man and/or by machine. The aim of this analysis is to determine the need of assistance to perform man's action ( eventually the need of assistance to perform machine's actions). This analysis is principally based on human criteria (mental and physical capacity) and on technical specification of machine (in general meaning of term including information entity) .
• Definition of assistance and automation tools: it is a matter of verification if the realisation of action needs some assistance, and specifying an adequate tool for this assistance. This approach results in three types of design being considered: ergonomic design of post (work post), technical design and man-machine interface design (choice of co-operation modes). Each type of design leads the definition of a category of activities, respectively: man's activities, machine's activities and man-machine activities.
• Definition of man, machine and man-machine tasks (implementation stage): this is a formulation from the set of all activities (man, machine and man-machine activities) the corresponding tasks. After regrouping those tasks in the mission, it will be implemented either in the execution level of socio-technical systems or in their supervision level (skaf, 1999) .
As can be seen from this description and from figure 2, the proposed approach is of a general nature. This means that it can give the stages of man-machine system design, without, however, giving the conceptual details for each stage. 
Fig. 2. Global approach for man-machine system design
In this paper, the methodology of action specification will be detailed. This methodology describes the most important stage in global approach called "action analysis".
Before beginning to describe the methodology of specification, it is assumed that analysis of sociotechnical systems (using SADT, UML,…) resulted in identifying all actions that lead to achieve system objectives.
Ergonomic and technical specifications of actions
The aim of specification is to define the actions which have to be achieved by man and, respectively, by machine. This simplistic idea masks a very complicated problem within the analysis method. Thus, the question is: how can a reference model be created to specify the action? To deal with this problem, the method of specification has to propose a set of ergonomic and technical criteria. According to these criteria, each action will be referenced to decide if its realisation will be achieved by man or by machine. Before starting the description of specification methodology, it is advisable to note that the proposed method is approximate because of integration of human aspects.
Assume that there is a set of actions to be specified (to be marked as man or machine action). For this purpose, each action should be considered as a function of two functions, thus a given action called "Action" can be expressed like: Action(x=f(u),y=f(v)). It is assumed that this function is defined on [0,1]. The function x=f(u) ∈[0,1] represents a suitable degree of realisation (for the corresponding action) considering a given human model. Likewise, the function y=f(u) ∈[0,1] represents suitable degree of realisation (for the corresponding action) considering a given machine model (a set of technical data). Thus, the values of x and y determine the sector to which an action considered belongs. Figure 3 shows the five sectors to which any action has to belong to (in this figure the x-axis represents man and the y-axis represents the machine):
• Sector I: all actions belonging to this sector are contributed by the machine to accomplish the realisation of the corresponding action. For example, y =0.5 of the given action shows that machine assistance, for its realisation, is not really required ( the action is nearly manual). However, if y =1, this means that machine assistance really is necessary (nearly shared realisation).
• Sector V: represents all actions with x and y ∈[0,0.5] at the same time (i.e. for x∈[0,0.5]: y ∈[0,0.5] and vice versa). The actions belonging to this sector are considered to be non specifiable actions (i.e. there is insufficient information to decide if they can belong to one of another sector: I, II; II and IV). In this paper, it is assumed that all studied actions belong to sector I, II, III and IV.
Thus, to specify the actions, it is sufficient to find x and y for each one. Consequently, the question becomes: how can the values of x and y be found?. Before answering this question, two remarks have to be considered:
1. To deduce the expression of function x=f(u) it is assumed that the initial value of x equals x 0 = 1, that means (see above) the action can be performed by man. On another hand, assume the set of criteria (A, B, C,................N) which affects the value of x by reducing it by Ω proportional to its initial value. Thus, after application of the criteria, the value of x becomes:
where is Ω less than or equal to 1. Assume that each criterion affects independently x, the expression of Ω will be:
where γ i ∈ [0, 1] is the influence of i criterion i∈ (A, B, C,...........N) . This influence reduces x by :
To keep the value of Ω within the interval [0,1] reserving the influence percent of each criterion, an coefficient α will be introduced :
Taking into account this coefficient, the expression (1) will be written as :
Replacing the expressions of Ω and α in (4), the expression of x becomes:
γ i are the coefficients which translate the influence of each criterion on x value by reducing it by γ i percent of its initial value. Thus, to find the value of x for a given action (in a given context and for a given human model) it is enough to find those coefficients. The same reasoning for the function y=f(v) leads to determination of the value of y :
where y 0 =1 is the initial value of y. Ψ is the influence of a set of technical criteria (a, b, c,..............,n) . Assume that each criterion affects independently y, the expression of Ψ will be:
where ζ i [0, 1] is the influence of i criterion i∈ (a, b,  c,............,n) . This influence reduces y by:
To retain the value of Ψ within the interval [0,1] reserving the influence percent of each criterion, an coefficient β will be introduced :
Taking into account this coefficient, the expression (6) will be written as :
Replacing the expressions of Ψ and β into (9), the expression of y becomes :
ζ i are the coefficients which translate the influence of each criterion on the value of y by reducing it by ζ i percent of its initial value. Thus, to find the value of y of a given action (in a given context and for a given machine model) it is enough to find these coefficients.
To find either γ or ζ a reference model of data for each criterion is needed. In this paper five criteria only are considered: work load, security and reliability as ergonomic criteria. Cost and feasibility as technical criteria. Next, references data models for these criteria will be established.
Work load
According to work psychologists, work load is a reliable index for estimating the mobilisation state of an individual. Thus, this index can be used to decide if an action can be easily performed by man. To reach this goal, the modified scale of Cooper Harper (quoted in Millot,1988) So, to find the coefficient γ wl, each action will be compared (from its realisation point of view) to 10 levels of difficulty (considering a mental and/or physical human model). Each level is indicated by an index γ wl.
Security
Security is a very important criterion in deciding whether a human can perform a given action or whether this action must be performed exclusively by machine. For this criterion, a simplified model of reference has been adopted. This model is shown in 
Feasibility and cost
Feasibility and cost are the technical criteria considered to answer the question: can a machine perform the action?, and how much will that cost?. The reference models of both these criteria are shown in tables 3 and 4. According to machine model, each action can be either automated, automated with human assistance or not automated. Thus, the values of coefficient ζ F can be 0.0, 0.5 or 1.0 (see table 3 ). In the same way, according to the price of automation (which can be determined according to the economical and environmental context), an action can be fully automated, semi-automated or not at all automated. The corresponding values of ζ C are 0.0, 0.5 and 1.0. (see table 4). 
